Abstract. Many students experience anxiety when taking a required statistics course. As high levels of anxiety may interfere with performance, it is desirable to identify and control factors shown to affect student anxiety. The purpose of our research was to examine the relationship between anxiety and performance and to determine which aspects of course structure have the greatest effects on student anxiety levels. In a series of four studies we found self-reported anxiety levels to be negatively correlated with both grade expectations and final course grades. Students attributed decreases in anxiety levels to several factors, including class exercises and class atmosphere.
Introduction
Student performance has been shown to be affected by the student's level of anxiety [1, 4, 6] . Though some anxiety may heighten motivation and attention, thus strengthening performance, high levels of anxiety are likely to compromise a student's confidence and concentration, interfering with the student's ability to perform. People often experience high levels of anxiety when taking statistics courses or other mathematics-based courses [9] . The individual student's level of anxiety will depend on characteristics of the student, such as personality [18] , background [2, 5, 11] , and skill level [7, 12, 15] , as well as characteristics of the course, such as the textbook, the professor, and the structure of the course.
Relatively few studies have examined characteristics of the course and their effects on student anxiety. In one study, Pan and Tang [16] used a questionnaire to assess anxiety levels before and after a statistics course for graduate students in the social sciences. The researchers found a reduction in anxiety level which they attributed to application-oriented teaching methods and the instructors' attention to the students' anxiety. In another study, Pan and Tang [17] used the focus group method to determine what factors contributed to statistics anxiety in a group of social science graduate students. The students indicated that having several small quizzes was preferable to having a comprehensive exam. The students mentioned two other factors related to course structure. They valued practical exercises and the flexible office hours of instructors and teaching assistants.
The purpose of our research was to determine, in an undergraduate statistics course, which aspects of course structure have the greatest effects on student anxiety levels, and to determine whether the effects are greater early or later in the semester.
Study 1

Study 1 methodology
A total of 43 undergraduate students served as participants in this study. The students were from three sections of a required statistics course, all taught by the same professor.
We structured the statistics course to incorporate a number of aspects hypothesized to minimize student anxiety. For example, to decrease the grade value of any one assignment, homework assignments and tests began early in the semester and were given frequently. There were 18 homework assignments and eight tests in all. To provide additional support and facilitate communication, both within and across course sections, we distributed a list of student names and e-mail addresses to the class, and a student assistant was assigned to the course. Students were encouraged to contact each other to work on homework assignments and study for tests. They were also encouraged to meet with the student assistant for tutoring and homework assistance. Other factors that we examined were rapid feedback on homework and tests, and the frequent use of in-class exercises. Graded materials were returned and reviewed the next class period after they were due, so that students had feedback on their work before moving on. In-class exercises were practiced each day, so that students could gain experience on new procedures while the professor was available for support and guidance.
We assessed student anxiety about the course at three points in the semester. The first assessment was on the first day of class, after the professor had reviewed the syllabus. The second assessment took place in the third week of the semester, by which time the students had completed two homework assignments and a test. The third and final assessment occurred in the final week of the classes. At each of the three assessments students were asked to rate their anxiety level on a scale from 1 (not at all anxious) to 10 (very anxious). On the first day, we also asked students to predict the course grade they would earn. In the third week, and in the final week, students completed a questionnaire about how aspects of the course had affected their anxiety level since the beginning of the semester. Students judged, on a 5-point scale, whether nine different aspects of the course lowered their anxiety (rated 1 or 2 on the scale), raised their anxiety (rated 4 or 5 on the scale), or had no effect on their anxiety level (rated 3 on the scale).
Study 1 results and discussion
Pearson correlations were conducted to determine the relationship between a student's prediction of the final course grade and the student's actual grade. Final course grades were positively correlated with predicted course grades, r(41) = .31, p < .05. A Pearson correlation between anxiety levels and final course grades revealed a negative relationship, r(41) = −.34, p < .05. Students with high anxiety levels tended to have low grades, and those with low anxiety levels tended to have high grades.
Overall, students reported a drop in anxiety level from the beginning of the semester (M = 5.74) to the third week of the semester (M = 4.74), t(41) = 3.20, p < .01. This analysis was based on 42 students, rather than the total of 43 students, as one student was absent on the day of the second assessment. There was no further drop in anxiety level from the third week of the semester to the final week of the semester.
At the three-week assessment, students evaluated various course characteristics (see Table 1 ). Of all the factors considered, students reported that class exercises put them most at ease. As predicted, a number of other course characteristics were reported to reduce anxiety. The mean ratings for early homework assignments, frequent homework assignments, homework grades, and the student e-mail list indicate that these aspects of the course structure also led to decreases in anxiety. The one finding that did not follow expectations was the effect of test grades; test grades were associated with a slight increase in anxiety. The two remaining factors, early tests and frequency of tests, were associated with slight decreases in anxiety, but those means did not differ significantly from the mean associated with test grades.
The pattern of questionnaire responses in the final week was similar to the pattern of responses in the third week (see Table 1 ). Students reported that most of the course characteristics lowered anxiety levels more at the end of the semester than they had by the third week of the semester. The only course characteristics not associated with greater anxiety reductions at the end of the semester were the student e-mail list and the student assistant (see Table 1 ). In addition to the specific questions that we posed to the students, we gave the students the opportunity to report other aspects of the course that affected their anxiety levels. One issue, the lack of clarity of the instructions in the workbook, led to more worry on the part of all four students who mentioned it. The other issue, lecture format, increased the anxiety levels of two students and lowered the anxiety levels of two students.
Study 2
Study 2 methodology
In Study 2 we assessed the relationship between confidence and competence in a statistics class. A total of 43 university students enrolled in three sections of a statistics course participated in this study. All three sections of the course were taught by the same professor.
On the first day of the semester, the students were asked what grade they expected to receive in the course. They were also asked to rate their anxiety about the course, on a scale from 1 (not at all anxious) to 10 (very anxious). At the end of the semester, the students' grades were compared with their grade expectations. In addition, we assessed the value of self-reported anxiety level, and expected grade, as predictors of the student's final course grade.
Study 2 results and discussion
On average, students expected to earn a B+ grade in the course (M = 3.51). Selfreported anxiety levels tended to be moderate (M = 5.77), though ratings ranged from a low of one to a high of ten. Final course grades for these students averaged C+ (M = 2.55), a letter grade lower than the students expected. A multiple linear regression was calculated to predict students' grades based on their anxiety levels and expected grades. A significant regression equation was found (F (2, 40) = 4.20, p < .05), with an R 2 of .17. A student's predicted grade is equal to −.16 − .14(anxiety) + (expected grade), where anxiety is rated from 1(low) to 10 (high) and expected grade is coded as 1 = D, 2 = C, 3 = B, and 4 = A.
As predicted, anxiety levels at the start of the semester were negatively correlated with course grades. Those students who expressed the most anxiety about the statistics class were the most likely to perform poorly. Those with lower levels of anxiety at the start of the semester tended to have higher grades for the course. Despite the fact that students expressed anxiety about the course, they expected that they would perform well. As hypothesized, the students were not realistic about their expectations. Their actual grades were, on average, a letter grade lower than they had anticipated. These results are consistent with the results of Dunning et al. [8] , Hodges et al. [10] , and Kruger and Dunning [13] . Using different tasks and samples from different populations, the general finding held true: individuals failed to recognize their own weaknesses, which led to inflated self-assessments.
Study 3
Study 3 methodology
Study 3 was designed to further explore the relationship between anxiety and grade expectations, and to test the idea that self-reported anxiety drops as early as the first day of class. The participants were 55 undergraduate students enrolled in three sections of a required statistics course, all taught by the same professor.
At the beginning of class, on the first day of the semester, the students were asked to write down the grade they expected to receive in the course. In addition, each student was asked to rate his or her anxiety level, from 1 (not at all anxious) to 10 (very anxious). The professor reviewed the course syllabus and introduced the basic topics to be covered in the course. At the end of the first class period, the students were again asked to report what grade they expected to receive in the course and rate their anxiety levels. After 7 weeks of class, during which time there were 8 graded homework assignments and 3 tests, the students were asked a third time to report their expected grades and anxiety levels.
Study 3 results and discussion
A paired samples t-test revealed a significant drop between self-reported anxiety at the start of the first class (M = 6.03) and self-reported anxiety at the end of the first class (M = 5.21), t(54) = 3.91, p < .001. However, further changes from the end of the first class (M = 5.33) to the seventh week of the semester (M = 5.51) were statistically insignificant, t(47) = −.65, p > .05. Grade expectations were negatively correlated with anxiety at the start of class, but they did not change during the first class when anxiety levels dropped.
Bartsch [3] reported on an activity designed to improve students' attitudes toward statistics. He assessed attitude at the beginning and end of the first day of class. Between the two assessments, he involved students in activities that demonstrated various statistical concepts. An improvement in attitude was attributed to the assigned activities. Our finding of reduced anxiety following a simple review of the syllabus and basic course content suggests that a specific activity may not be necessary. Exposure to the professor, exposure to other students, and a review of the course requirements may be sufficient to reduce anxiety and improve attitudes toward statistics. It is interesting to note that an evaluation after seven weeks showed no further improvement.
Study 4
Study 4 methodology
Study 4 was designed as a replication and extension of Study 3. The participants were 52 undergraduate students enrolled in three sections of a required statistics course. All three sections were taught by the same professor. At the beginning of class, on the first day of the semester, the students were asked to write down the grade they expected to receive in the course. In addition, each student was asked to rate his or her anxiety level, from 1 (not at all anxious) to 10 (very anxious). The professor reviewed the course syllabus and introduced the basic topics to be covered in the course. At the end of the first class period, the students were again asked to report what grade they expected to receive in the course and rate their anxiety levels. If their anxiety levels had changed from the start of class, they were asked to indicate the reason for the change.
Study 4 results and discussion
A paired samples t-test revealed a significant drop in self-reported anxiety, from the start of the first class (M = 5.64) to the end of the first class (M = 5.02), t(51) = 3.52, p < .001. Though anxiety levels dropped, grade expectations did not change during the first class meeting. These results are consistent with the findings of Study 3.
In Study 4, we used three categories to classify the reasons students gave for changes in their anxiety levels: mathematics experience, class atmosphere, and psychology experience. A chi-square test of independence was calculated comparing the frequency of each type of response for students whose anxiety rose, dropped, or remained constant. A significant interaction was found (χ 2 (6) = 12.59, p < .05). Those who reported drops in their anxiety levels were more likely to cite class atmosphere than experience as the reason, while the few who reported increases in anxiety were more likely to cite previous mathematics experience.
General discussion and conclusions
Our findings are consistent with previous work showing a negative correlation between anxiety and performance in statistics courses. Higher grades were earned by students who reported lower levels of anxiety. Final course grades were also correlated, though positively, with students' predictions of the grades they would earn. Those who expected to perform well, performed well.
In our first study we found that self-reported anxiety levels decreased in the first three weeks of the semester and then remained low. When we asked students to assess how course structure affected their anxiety levels, they reported that several factors helped to reduce their anxiety. Of all of the factors considered, class exercises emerged as the most important factor. The implication is that frequent practice on statistical procedures can not only build skills, but increase confidence and decrease anxiety.
One unexpected finding was that test grades did not lower anxiety levels at the three-week assessment. In conversations, a number of students reported having expected higher grades than they received on the first test. It is understandable, then, that their concerns about the course increased some as a result of what they perceived as disappointing feedback. Another somewhat surprising finding was that the student e-mail list and the student assistant did not lead to an additional drop in anxiety from the third week of the semester to the final week. A drop resulted with every other factor. One possible explanation is that the students did not use these supports enough to continue benefiting from them throughout the semester. Perhaps the results would have been different if we had required study groups or tutoring.
Our second study examined the relationship between self-reported anxiety, expected grades and actual performance. While students predicted high grades, overestimating their ability, anxiety levels revealed a lack of confidence that was negatively correlated with final grades.
In our third study we found a reduction in anxiety on the first day of class, following a simple review of the syllabus and basic course content. This suggests that exposure to the professor, exposure to other students, and a review of the course requirements may be sufficient to reduce anxiety and improve attitudes towards statistics. Our fourth study replicated the results of the third study and assessed the reasons why anxiety levels can change significantly on the first day of class. Although some students attributed the change in their anxiety levels to previous experience with mathematics, the large majority cited the class atmosphere as the important factor.
Future research should consider the extent to which our findings are unique to statistics courses. In one comparison of similarly structured statistics and psychology courses, Mason and Grenier [14] found that students in both courses reported a drop in anxiety from the first day to the third week of the semester. From the third week to the tenth week, statistics students showed a further drop in anxiety, while psychology students showed a slight increase in anxiety. The two groups differed in their overall anxiety levels and they attributed changes in their anxiety levels to different factors. Most notable was the fact that frequent homework assignments decreased the anxiety levels of statistics students, but caused a slight increase in the anxiety levels of psychology students. Both groups reported that, of the nine course characteristics considered, having homework assignments early in the semester was what put them most at ease.
One limitation of our research is that it relies on self-report data. It may be difficult for students to accurately assess and report changes in their anxiety levels, and to attribute those changes to specific factors. Another limitation of our research is that we looked at correlations; we did not run an experiment with a control condition. We found that anxiety was negatively correlated with performance, but we cannot conclude from our data that high levels of anxiety cause poor performance. Nor can we definitively state that the course structure we provided reduced anxiety levels; we can only conclude that students reported reduced anxiety, which they attributed to aspects of the course structure and class atmosphere. Finally, though our focus was on course structure and anxiety, there are other factors that may have influenced the results. The textbook, characteristics of the students and the professor may all affect anxiety levels and may interact with aspects of course structure.
The results of our research indicate that students are affected by the structure of a statistics course. We identified several factors that may increase or decrease student anxiety levels and, presumably, student performance. We demonstrated that anxiety levels may change at any point in the semester, including the first day of class. Based on our findings, we recommend that every effort be made to provide a positive class atmosphere from day one, maximum support throughout the semester, and frequent feedback. We further recommend that instructors assess anxiety levels and the effectiveness of the course structure early in the term. By monitoring anxiety levels, as well as grades, the instructor may consider midterm modifications that could improve performance.
